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Objectives. This study sought to compare the clinical features
and outcome of a first myocardial infarction with onset of
symptoms during or within 30 min of exercise, at rest and in bed.
Background. It is not known whether activity at onset influ-
ences outcome of acute myocardial infarction.
Methods. Information collected using a standard questionnaire
was used to relate activity at the onset of symptoms to in-hospital
outcome in 2,468 consecutive patients admitted to a coronary care
unit with a first myocardial infarction between 1975 and 1993.
Results. Patients with exercise-related onset were more likely to
be younger and male. Those with onset in bed were more likely to
be older and have a history of stable or unstable angina. Com-
pared with patients whose symptoms began at rest, those with
exercise-related onset had a lower in-hospital mortality rate after
adjusting for age, gender and year of admission (odds ratio [OR]
0.60, 95% confidence interval [CI] 0.40 to 0.89), and patients with
onset in bed had a higher mortality rate (OR 1.38, 95% CI 1.03 to
1.85). The incidence of cardiac failure requiring diuretic therapy
was also lower for exercise-related onset (OR 0.83, 95% CI 0.67 to
1.04) and higher when onset was in bed (OR 1.36, 95% CI 1.11 to
1.66).
Conclusions. There is an association between activity at onset
and outcome of acute myocardial infarction. Differences in patho-
physiology or in the population at risk could explain this obser-
vation.
(J Am Coll Cardiol 1997;29:250–3)
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A circadian variation in the onset of myocardial infarction is
well described with the highest risk during the first few hours
after rising and a lower risk later in the day and at night while
asleep (1–3). In addition to this circadian variation, it is known
that strenuous exertion can trigger myocardial infarction (4,5).
However, it is not known whether the pathophysiology of
exercise-, nonexercise- and sleep-related myocardial infarction
is the same. Although they are likely to share similar mecha-
nisms, it is possible that the relative importance of factors, such
as the mode of plaque rupture, contribution of coronary
vasoconstriction and coagulability, differ for exercise-,
nonexercise- and sleep-related myocardial infarction. Differ-
ences in pathophysiology or in the population of patients at
risk may influence the outcome of the coronary event. The
present study investigates this possibility by comparing the
clinical features and in-hospital outcome of patients whose
symptoms of a first myocardial infarction began during exer-
cise, at rest and in bed.
Methods
Study patients and data collection. The study included
2,468 consecutive patients admitted to a coronary care unit
from 1975 to 1993 with a first myocardial infarction. A
standard questionnaire that contained information on activity
at onset of symptoms, coronary risk factors and outcome was
completed by the medical staff for each patient after admis-
sion. The diagnosis of myocardial infarction was based on the
presence of at least two of the three following criteria: a typical
history of chest discomfort lasting .15 min, an increase in
cardiac enzyme levels to more than two times the upper limit
of the normal range and the appearance of Q waves or
evolution of characteristic ST segment or T waves on serial
electrocardiograms (ECGs). Q wave myocardial infarction was
defined as myocardial infarction with new Q waves .0.03 s or
.0.1 mV on the ECG.
The patient or, when necessary, a relative or witness was
asked what activity was undertaken when or during the 30 min
before the symptoms of myocardial infarction began. Activity
was documented as exercise related (yes/no) if the patient was
walking at their normal brisk pace or undertaking some other
activity equivalent to or more than ;4 metabolic equivalents
(6). Other patients were classified as having symptom onset in
bed (yes/no) or onset at rest if symptoms were not exercise
related and did not begin in bed. Time of onset of symptoms
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was not recorded, nor whether the patient woke from sleep
because of symptoms.
The presence or absence of the following risk factors was
recorded: history of coronary artery disease in a first-degree
relative; hypertension currently or previously requiring treat-
ment; diabetes treated by diet, drugs or insulin; recognized
hypercholesterolemia (previous total cholesterol .7.0 mmol/
liter when known); and smoking during the preceding month.
Time delay from onset of symptoms to hospital admission was
classified as either ,4 or $4 h. A previous history of stable
angina, recent unstable angina and treatment with a beta-
adrenergic blocking agent at the time of onset of myocardial
infarction was recorded. Unstable angina was defined as new-
onset or increasing angina during the 2 weeks before the
presenting myocardial infarction. Outcome measures were
in-hospital mortality, cardiac arrest requiring cardioversion or
cardiopulmonary resuscitation before admission to hospital, Q
wave myocardial infarction and clinical or radiographic evi-
dence of cardiac failure requiring diuretic treatment.
Analysis and statistics. Patients with symptom onset dur-
ing or after exercise were compared with those whose symp-
toms began at rest. Patients whose symptoms began in bed
were also compared with those with symptom onset at rest.
The relative likelihood of each patient characteristic and
outcome measure was calculated as odds ratios with 95%
confidence intervals after adjusting for age, gender and year of
admission using logistic regression models (Statistical Package
for Social Sciences Release 4.1 for VAX/VMX, SPPS, Inc.,
Chicago, Illinois). Age differences in activity at symptom onset
are described for four age groups: ,50, 50 to 60, 60 to 70 and
.70 years old; p . 0.05 was regarded as not statistically
significant.
Results
Increased age was associated with a decrease in the pro-
portion of patients with exercise-related onset of myocardial
infarction and a greater proportion with symptom onset in bed.
There was little age difference in the proportion of patients
with symptom onset at rest (Table 1). The direction and size of
these age-related changes were similar for men and women.
However, after adjusting for age, women were relatively more
likely to have onset of symptoms in bed and less likely to have
exercise-related onset of symptoms (Table 2).
After adjusting for age, gender and year of admission, the
proportion of patients who were current smokers or had
recognized hypercholesterolemia, diabetes or a family history
of cardiovascular disease was similar for those with symptom
onset during or after exercise, at rest and in bed (Table 2).
There was a longer time delay to hospital admission for
patients with exercise-related onset of symptoms and a shorter
time delay for those with onset of symptoms in bed, but these
differences were not statistically significant (Table 2). Patients
with symptom onset in bed were more likely to have a past
history of stable angina or recent unstable angina but less likely
to have a history of hypertension (Table 2). A similar propor-
tion of patients with symptom onset on exercise and at rest had
a history of stable or unstable angina. A lower proportion of
patients with exercise-related onset were taking a beta-blocker,
but this difference was not statistically significant.
After adjusting for age, gender and year of admission,
patients with exercise-related onset of myocardial infarction
had significantly lower in-hospital mortality than those with
onset of symptoms at rest (Table 3). Patients with symptom
onset in bed had the highest in-hospital mortality rate. The
proportion of patients who developed heart failure needing
Abbreviations and Acronyms
CI 5 confidence interval
ECG 5 electrocardiogram
OR 5 odds ratio
Table 1. Activity at Onset of Symptoms by Age Group
Symptom
Onset
All
Patients
(n 5 2,468)
Age Group (yr)
,50
(n 5 369)
50–59
(n 5 699)
60–69
(n 5 880)
.70
(n 5 520)
Exercise 27.1% 33.3% 30.5% 25.8% 20.2%
In bed 33.1% 27.9% 28.8% 34.4% 40.6%
At rest 39.8% 38.8% 40.8% 39.8% 39.2%
Table 2. Comparison of Patients by Activity at Onset of Symptoms
of Myocardial Infarction
Proportion
of Study
Cohort
Exercise Onset
vs. Onset
at Rest
[OR (95% CI)]*
Onset in Bed
vs. Onset
at Rest
[OR (95% CI)]*
Female gender† 29.4% 0.57 (0.45–0.72)‡ 0.95 (0.77–1.16)
Current smoker 41.1% 0.84 (0.68–1.04) 0.91 (0.74–1.11)
Diabetes 7.3% 0.80 (0.54–1.19) 0.96 (0.68–1.36)
Hyperlipidemia 8.5% 0.94 (0.66–1.33) 0.76 (0.54–1.07)
Family history 49.2% 1.17 (0.94–1.45) 1.19 (0.97–1.46)
Hypertension 34.2% 0.73 (0.59–0.90)‡ 0.81 (0.67–0.99)‡
Angina 42.9% 1.00 (0.82–1.23) 1.37 (1.14–1.66)‡
Unstable angina 34.1% 0.97 (0.78–1.20) 1.28 (1.05–1.55)‡
On beta-blocker 17.2% 0.81 (0.62–1.08) 1.23 (0.97–1.56)
Time from symptom
onset to admission ,4 h
53.7% 1.17 (0.96–1.43) 0.84 (0.70–1.03)
*Adjusted for age, gender and year of admission †or age and year of
admission only. ‡p , 0.05. CI 5 confidence interval; OR 5 odds ratio.
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diuretic treatment was lowest for exercise-related onset and
highest when onset of symptoms was in bed. Q wave infarction
was less frequent in patients with exercise-related onset than
those with onset at rest or in bed. Prehospital cardiac arrests
were increased in patients with onset related to exercise
despite a better in-hospital outcome, but this difference was
not statistically significant. Including previous beta-blockade
and Q wave myocardial infarction in the regression models did
not change the association between outcome and activity at the
onset of symptoms. The odds ratio for in-hospital death for
exercise-related onset compared with onset of rest was 0.62
(95% confidence interval [CI] 0.41 to 0.92) and for onset in bed
compared with onset at rest was 1.36 (95% CI 1.01 to 1.83).
Discussion
In the present study, patients whose symptoms of myocar-
dial infarction began during or shortly after physical activity
had both lower in-hospital mortality and less cardiac failure
requiring diuretic therapy than those whose symptoms began
at rest. The highest mortality and incidence of heart failure
occurred in patients whose symptoms began in bed. The
observation that the outcome of myocardial infarction is
influenced by the activity at the onset of symptoms has not
been made in earlier studies. Mortality was not reported in
studies which demonstrated that exercise could trigger myo-
cardial infarction (4,5) or in studies which described a circa-
dian variation in the onset of myocardial infarction (1–3). The
reasons for the observed differences in outcome are uncertain.
Possible reasons for outcome differences. It is possible that
exercise is the trigger for myocardial infarction in patients with
less extensive vascular disease and therefore a better progno-
sis. This conclusion is consistent with the observation from the
Thrombolysis in Myocardial Infarction (TIMI) II study (7) that
patients with exercise-related onset myocardial infarction were
less likely to have multivessel disease and more likely to have
a single occluded coronary artery after thrombolysis. Con-
versely patients with onset of symptoms in bed are more likely
to be older and have a history of stable or unstable angina,
suggesting more extensive vascular disease or a preexisting
unstable lesion and therefore a lower threshold for abrupt
coronary occlusion. Information on the routine amount of
physical activity of participants was not available. Patients with
exercise-related onset may be habitually more active and
therefore have a greater exposure to both the risks and benefits
of exercise (4,8,9). Randomized trials of cardiac rehabilitation
suggest that regular exercise reduces the risk of fatal more than
nonfatal myocardial infarction (10,11).
Differences in the pathophysiology of exercise- and
nonexercise-related myocardial infarction are possible. The
lower incidence of Q wave myocardial infarction in patients
with exercise-related onset would be consistent with more
rapid coronary reperfusion because of spontaneous thrombol-
ysis or relief of coronary vasoconstriction induced by exercise
(12). Other potentially protective mechanisms, such as isch-
emic preconditioning (13) or the “warm-up” effect (14), could
be influenced by activity before coronary occlusion.
Study limitations. Assessment of the level of activity at the
onset of symptoms by necessity relied on patient recall; no
distinction was made between light, moderate and strenuous
exercise, and the type of activity was not recorded. This
relatively crude assessment of activity may reduce the accuracy
of the study but is unlikely to bias the results. The time of
symptom onset was not recorded, so analysis of circadian
variation in outcome is not possible. In other studies (2), the
morning increase in risk of myocardial infarction begins after
getting out of bed. For the majority of patients whose symp-
toms began in bed, onset would be between 11 PM and 7 AM and
occur while the patient was asleep.
Data were collected over many years during which the
treatment of myocardial infarction changed. However, the
relation between activity at the onset of symptoms and out-
come remained after adjusting for study year, and a standard
format for data collection was used throughout. Prehospital
treatment other than beta-blockers was not recorded, and data
on use of thrombolytic and other therapy that may influence
outcome was not available. A systematic difference in treat-
ment by activity at symptom onset cannot be excluded. How-
ever, it is unlikely that treatment decisions were directly
influenced by knowledge of whether symptom onset was
related to exercise, rest or sleep.
The “two of three” criteria used for diagnosis of myocardial
infarction may miss some patients with small myocardial
infarction and include others with unstable angina. Because
standard criteria for inclusion were used for all patients, the
possibility that a small proportion of the study cohort had
unstable angina rather than myocardial infarction should not
bias the results. Peak cardiac enzyme levels were not docu-
mented, so estimates of infarct size are limited to the presence
or absence of Q waves on the ECG and clinical or radiographic
evidence of cardiac failure. The study was limited to patients
with a first myocardial infarction because of the significant
impact of previous infarction on outcome.
The study does not include subjects not admitted to the
coronary care unit or those who died before hospital admis-
sion. This exclusion could explain the trend for more prehos-
pital cardiac arrests in patients with exercise-related onset. A
witnessed arrest and therefore a successful resuscitation out of
Table 3. Association Between Activity at Onset of Symptoms
and Outcome
Proportion
of Study
Cohort
Exercise Onset
vs. Onset
at Rest
[OR (95% CI)]*
Onset in Bed
vs. Onset
at Rest
(OR (95% CI)]*
In-hospital mortality 10.4% 0.60 (0.40–0.89)† 1.38 (1.03–1.85)†
Prehospital arrest 6.3% 1.22 (0.82–1.80) 0.81 (0.54–1.21)
HF needing diuretic drugs 36.4% 0.83 (0.67–1.04) 1.36 (1.11–1.66)†
Q wave MI 60.4% 0.79 (0.64–0.96)† 1.10 (0.90–1.34)
*Adjusted for age, gender and year of admission. †p , 0.05. HF 5 heart
failure; MI 5 myocardial infarction; other abbreviations as in Table 2.
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the hospital may be more likely for persons exercising than for
those in bed. Differences between groups in time delay from
onset of symptoms to hospital admission were small compared
with the outcome differences, and this alone is unlikely to
explain the observed differences in mortality.
Conclusions. The reasons for the relatively large differ-
ences in outcome of myocardial infarction by activity at onset
are uncertain and cannot be determined from this study. It is
possible that the pathophysiology of myocardial infarction is
influenced by the circumstances in which it occurs. Further
studies are needed to gain a better understanding of the
reasons for the differences observed and their potential rele-
vance to the prevention and management of ischemic heart
disease.
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